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Abstract 



The Construction and Building Subcommittee of the National Science and Technology 
Council is developing baseline measures of current construction industry practices and 
measures of progress with respect to each of the seven National Construction Goals. The 
seven National Construction Goals are concerned with: (1) reductions in the delivery time 
of constructed facilities; (2) reductions in operations, maintenance, and energy costs; (3) 
increases in occupant productivity and comfort; (4) reductions in occupant-related 
illnesses and injuries; (5) reductions in waste and pollution; (6) increases in the durability 
and flexibility of constructed facilities; and (7) reductions in construction worker illnesses 
and injuries. Baseline measures and measures of progress are being produced for each of 
the four key construction industry sectors. The four sectors are: (1) residential; (2) 
commercial/institutional; (3) industrial; and (4) public works. This document provides a 
detailed set of baseline measures for National Construction Goal 2 (reductions in 
operations, maintenance, and energy costs). As such, it describes data sources, data 
classifications and hierarchies, and the metrics used to develop the baseline measures. 
Extensive use of charts and tables is made throughout this document to illustrate the 
process by which the baseline measures were developed. 



Keywords 

building economics; building materials; building maintenance; buildings; construction; 
costs; economic analysis; energy ' costs; energy consumption; energy conservation; 
maintenance costs; metrics; operations costs 
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part, seeks to develop baseline measures and measures of progress with respect to each of 
the seven National Construction Goals. These measures are to be disseminated both 
through publications and, ultimately, electronically via the World Wide Web. The 
intended audience for this document is the Construction and Building Subcommittee 
member organizations as well as construction industry representatives and other interested 
parties. 
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Executive Summary 



The Construction and Building Subcommittee of the National Science and Technology 
Council has established seven National Construction Goals in collaboration with a broad 
cross section of the construction industry. 1 Data describing current practices of the US 
construction industry are needed to establish baselines against which the industry can 
measure its progress towards achieving the seven National Construction Goals. The 
Goals are: (1) reductions in the delivery time of constructed facilities; (2) reductions in 
operations, maintenance, and energy costs; (3) increases in occupant productivity and 
comfort; (4) reductions in occupant-related illnesses and injuries; (5). reductions in waste 
and pollution; (6) increases in the durability and flexibility of constructed facilities; and (7) 
reductions in construction worker illnesses and injuries. Baseline measures and measures 
of progress will be produced for each National Construction Goal in each of the four key 
construction industry sectors. The four sectors are: (1) residential; (2) 

commercial/institutional; (3) industrial; and (4) public works. 

This document is the first in a series of studies prepared by NIST’s Building and Fire 
Research Laboratory." It provides a detailed set of baseline measures for National 
Construction Goal 2, reductions in operations, maintenance, and energy costs. The 
baseline measures characterize current industry performance for Goal 2. Industry 
performance in 1994 is used as the reference point from which the values of the baseline 
measures are calculated. Goal 2 was identified as one of the highest priority National 
Construction Goals by the construction industry. 

Operations, maintenance, and energy (OM&E) costs are a major factor in the life-cycle 
costs of a constructed facility. In some cases, OM&E costs over the life of a facility 
exceed its first cost. However, because reductions in OM&E costs are often associated 
with increased first costs, facility owners may under invest in cost-saving technologies. 

Operations is defined as including all non-process or end-product related activities 
required to operate a building or structure, with the exception of maintenance and 
repair activities, which are considered separately. Examples of operations components 
are water consumption, trash removal, and cleaning services. 

Maintenance and Repair activities include incidental work which keeps a property in 
working order, without adding value to it. Typical cost components might include 
roof, plumbing, electrical, or security system maintenance and repair. 



' Wright, Richard N., Arthur H. Rosenfeld, and Andrew J. Fowell. 1995. Construction and Building: 
Federal Research and Development in Support of the US Construction Industry. Washington, DC: 
National Science and Technology Council. 

“ A subsequent companion document focuses on National Construction Goal 1 . For information on 
reductions in the delivery time of constructed facilities, see Chapman, Robert E., and Roderick Rennison. 
1998. An Approach for Measuring Reductions in Delivery Time: Baseline Measures of Construction 
Industry Practices for the National Construction Goals. NIST1R 6189. Gaithersburg, MD: National 
Institute of Standards and Technology. 
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Energy is defined as including all non-process or end-product related energy 
consumption required to operate a building or structure. Thus energy consumption for 
manufacturing processes or vehicle or vessel operations is generally excluded. 
Typically, energy consumption can be categorized by energy source, and by assigned 
end-use (e.g., space heating, cooling, and lighting). 

Reductions in OM&E costs will produce two types of benefits. First, constructed facilities 
will become more affordable because facility owners and operators are making more cost 
effective choices among investments (e.g,, design configurations) which affect life-cycle 
costs. Second, these same facilities will better conserve scarce energy resources. 

The intended audience for this document is the Construction and Building Subcommittee 
member organizations, the four sector council member organizations, 1 " construction 
industry representatives, and other interested parties. In addition, because this document 
includes both detailed information on the baseline measures for National Construction 
Goal 2 and a compilation of statistics on the four sectors and the construction industry as 
a whole, it is anticipated that this document will serve as a resource reference for readers 
with a wide variety of interests in the construction industry. 

This document has nine chapters and seven appendices. Chapter 1 explains the purpose, 
scope, and general approach. Chapter 2 introduces the National Construction Goals, 
describes how a well-defined set of metrics is used to develop the baseline measures and 
measures of progress, and outlines the project approach. Chapter 3 provides an overview 
of the construction industry. The overview provides the context within which the baseline 
measures are developed. Chapter 4 presents two data classification schemes. These data 
classification schemes are used to construct data hierarchies from which key metrics are 
derived and used to develop the baseline measures. Chapters 5 through 8 present an 
overview and detailed baseline measures for each of the four construction industry sectors: 
Chapter 5 covers the residential sector; Chapter 6 covers the commercial/institutional 
sector; Chapter 7 covers the industrial sector; and Chapter 8 covers the public works 
sector. The overview of each sector examines the sector size, changes in the sector, and 
key sector characteristics. The detailed baseline measures examine operations, 
maintenance, and energy categories separately. The key OM&E baseline measures for 
each sector are summarized in tabular form at the end of that sector’s chapter. Chapter 9 
concludes the document with a summary and suggestions for further research. The 
individual data hierarchies for each construction industry sector are presented in 
Appendices A through D. Each sector occupies an appendix: Appendix A covers the 
residential sector; Appendix B covers the commercial/institutional sector; Appendix C 
covers the industrial sector; and Appendix D covers the public works sector. Three 
additional appendices are also included as an aid to cross referencing terms, statistical 
information, and other material contained in this document. Appendix E lists the 



“ The four sector council member organizations are: (1) National Association of Home Builders Research 
Center (residential); (2) National Institute of Building Sciences (commercial/institutional); (3) 
Construction Industry Institute (industrial); and (4) American Public Works Association (public works). 
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assignment of each state to one of the four census regions: (1) Northeast; (2) Midwest; (3) 
South; or (4) West. Appendix F lists the two-digit Standard Industrial Classification (SIC) 
Codes. Appendix G provides a list of acronyms and their definitions. 

Chapter 2 provides perspective on the overall effort to develop baseline measures and 
measures of progress for each of the seven National Construction Goals. First, each 
National Construction Goal is introduced and described. Next, the process for developing 
baseline measures for each Goal is described. This process involves: (1) specifying a data- 
oriented hierarchy; (2) collecting and compiling the key data and supporting information 
for the base year, 1994; (3) defining metrics for each goal/sector combination; and (4) 
producing the metrics in a summary form (i.e., figures and tables to depict the metrics). 
The methods for measuring progress use the baselines as their reference point. Because 
the National Construction Goals may be specified as targets measured against baseline 
values, “gap analysis” is the preferred method for defining the measures of progress. The 
advantage of the gap analysis method is that it employs the same values for each measure 
as used in computing the baselines. The gap analysis method measures how much of the 
initial gap (i.e., between the baseline value and the goal value) has been closed by some 
future date. Criteria are then presented which ensure that the data selected for analysis 
are well-defined, consistent, and replicable. The chapter also outlines a strategy for 
collecting and disseminating information on each National Construction Goal. 

Chapter 3 provides a snapshot of the US construction industry. As such, it provides the 
context within which the baseline measures are developed. An extensive set of statistics 
has been compiled on each sector; many of these statistics are included in Chapter 3. 
These statistics are useful not only as a tool for defining the baseline measures but also as 
a resource reference for readers with a wide variety of interests in the construction 
industry. 

Chapter 3 contains four sections. Each section deals with a particular topic. The topics 
progress from general in nature to very specific. First, information on the value of 
construction put in place is provided to show the size of the construction industry and 
each of its four sectors — residential, commercial/institutional, industrial, and public works. 
Second, information on the nature of construction activity for each sector of the industry 
is presented. The SIC Codes for the construction industry are introduced and described as 
a means for organizing construction activity. Information on the nature of construction 
activity includes breakouts between new construction activities, maintenance and repair 
activities, and additions and alterations. The challenge of developing annual estimates for 
each sector by nature of construction activity is described. Examples are given which 
demonstrate how different data sources result in major differences in a particular year’s 
estimates. Third, information on employment in the construction industry is summarized 
and a series of employment-related statistics are presented. The SIC Codes for the 
construction industry are used as a means for organizing key employment-related 
information. Comparisons between employment and output in the construction industry 
and employment and output in the overall US economy are also included. Fourth, 
information on cost trends and on other, special considerations, is presented. 
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The construction industry is a key component of the US economy. Total construction 
investment represents about 1 1 percent of Gross Domestic Product. A key indicator of 
construction activity is the value of new construction put in place. Data published by the 
US Bureau of the Census, a part of the US Department of Commerce, are used to 
establish the composition of construction expenditures by type of construction. These 
expenditures are then assigned to one of the four key construction industry sectors. 

Table ES-1 summarizes both the annual sector totals and the sum total. Since 1992, the 
value of new construction put in place has risen slightly from $393.8 billion in 1992 to 
$435.5 billion in 1996 in constant 1992 dollars. The largest component of new 
construction over this period was in the residential sector (about 32 percent of the total), 
with the smallest component in the industrial sector (about 6 percent). 

Table ES-1. Value of New Construction Put in Place in Millions of 1992 Dollars: 
Sector Totals and Sum Total 



Sector 


Value of Construction Put in Place ($ Millions) 


1992 


1993 


1994 


1995 


1996 


Residential 


133,658 


141,076 


156,576 


146,167 


157,846 


Commercial/lnstitutional 


122,960 


125,770 


128,116 


137,006 


149,445 


Industrial 


30,902 


27,212 


28,161 


30,391 


29,219 


Public Works 


106,311 


103,762 


103,360 


101,593 


98,973 


Total - All Sectors 


393,831 


397,820 


416,213 


415,157 


435,483 



Chapter 4 covers the data classification schemes, how the sectors were defined, how data 
sources were identified, and how key OM&E data were collected. Data classification 
hierarchies were developed for each of the four industry sectors. These hierarchies were 
essential in order to be able to sort data into relevant sectors, to prioritize the data, and to 
establish data linkages. Initially, an “idealized” hierarchy was developed for each sector. 
Idealized hierarchies were developed with a view to defining for the four industry sectors 
the extent and key components considered relevant to Goal 2. Within each sector 
hierarchy, the key components likely to have an impact upon the Goal are examined. The 
data oriented hierarchies represent the modification of the idealized hierarchies to reflect 
data availability and constraints. This is an important step in ensuring that the baseline 
measures remain succinct (see Appendices A through D where the data oriented 
hierarchies are presented). The two primary types of data collected were electronic data 
and published data. As data were collected, the data oriented hierarchies for each industry 
sector were refined to reflect data availability constraints. Section 4.2 summarizes the 
extensive data searches of publicly accessible Federal Agency databases carried out by the 
authors. A further set of data searches focused upon research, trade, professional, private 
sector, and academic organizations. In addition, a number of useful data sources have 
been identified where organizations are systematically collecting and publishing data. The 
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key sources of data and information, including those that are accessible electronically, are 
listed in Section 4.2 and in the References section. 

Chapter 5 describes the residential sector and traces the development of the baseline 
measures for the residential sector. The baseline measures for the residential sector are 
based on data published by the US Bureau of the Census and the Energy Information 
Administration (EIA), a part of the US Department of Energy. 

The Census data are used to develop baseline measures for operations costs and 
maintenance and repair costs for the residential sector. The Census data are drawn from 
the 1995 American Housing Survey (AHS). The AHS collects data on the nation’s 
housing, including apartments, single-family homes, mobile homes, and vacant housing 
units. National data are collected every other year; the sample covers approximately 
55,000 homes. Data from the 1995 AHS are used to develop the baseline measures for 
water consumption, trash removal, and maintenance and repair expenditures. 

The EIA data are used to develop baseline measures for energy costs for the residential 
sector. The EIA data are drawn from the 1993 Residential Energy Consumption Survey 
(RECS), the most recent survey data currently available. The EIA has carried out the 
RECS triennially since 1984. In the 1993 RECS, data were collected from a 
representative sample of seven thousand households. The survey collects data on the type 
of housing unit, year of construction, space heating, water heating, air conditioning, fuels, 
equipment, appliances, and demographic characteristics of the occupants. Energy 
consumption and expenditure data are obtained from the household’s energy suppliers. 
The RECS data are linked to weather data for each building. The RECS is the most 
comprehensive source of national level energy data for the residential sector. 

The key baseline measures for the residential sector are summarized in Table ES-2. It is 
important to note that the data recorded in Table ES-2 are either for 1993 (RECS) or 
1995 (AHS) rather than for the reference year 1994. All values recorded in Table ES-2 
are annual expenditures per household. Reference to the table shows that energy 
expenditures are the most significant component of residential OM&E costs. Operations 
expenditures for water consumption and trash removal are $300 and $180 per annum, 
respectively. Expenditures for maintenance and repairs are $300 per annum. 

Chapter 6 describes the commercial/institutional sector and traces the development of the 
baseline measures for the commercial/institutional sector. The baseline measures for the 
commercial/institutional sector are based on data published by the EIA, the International 
Facilities Management Association, the Building Owners and Managers Association, the 
Association of Higher Education Facilities Officers, and the Institute of Real Estate 
Management. 
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Table ES-2. Selected Baseline Measures for the Residential Sector: Annual 

Expenditures per Household 



Baseline Measure 


Value 


Year 


Water Consumption 


$300 


1995 


Trash Removal 


$180 


1995 


Maintenance and Repair 


$300 


1995 


Space Heating 


$419 


1993 


Air Conditioning 


$177 


1993 


Water Heating 


$177 


1993 


Refrigerators 


$124 


1993 


Appliances 


$455 


1993 



The EIA data are used to define the sector and to generate general baselines. Data from 
the 1992 and 1995 Commercial Buildings Characteristics Reports were used to focus 
attention on a select subset of the types of commercial/institutional buildings/facilities 
surveyed by EIA. These data revealed that educational, mercantile and service, and office 
buildings accounted for over 60 percent of total commercial/institutional sector floorspace 
in the US in 1992 and 1995. In addition, data from the 1992 Commercial Buildings 
Energy Consumption Survey have been used to generate general baselines for energy 
consumption and expenditures in the commercial/institutional sector. These data are also 
used to develop information about energy conservation in the commercial/ institutional 
sector (e.g., participation in energy management programs). 

The other sources were used to develop detailed OM&E baseline measures for either the 
entire sector or one of the three principal components of the commercial/institutional 
sector (i.e., educational, mercantile and service, and office buildings). Baselines for the 
entire commercial/institutional sector are based primarily on published data from the 
International Facility Management Association. Baselines for educational facilities are 
based on published data from the Association of Higher Education Facilities Officers. 
Baselines for shopping centers, a key subset of the mercantile and service component, are 
based on published data from the Institute of Real Estate Management. Baselines for 
commercial office buildings are based on published data from the Building Owners and 
Managers Association. 

The key baseline measures for the commercial office buildings component of the sector are 
summarized in Table ES-3. Note that the data recorded in Table ES-3 are for 1995. The 
table records information on three types of operations costs: administrative, cleaning, and 
roads/grounds/security. These costs range from $5.49 per rentable square meter for 
roads/grounds/security to $11.73 per rentable square meter for cleaning. Note that the 
costs of water consumption/treatment are included under utilities. This differs from the 
residential sector where the costs of water consumption/treatment were included under 
operations costs. Maintenance and repair costs averaged $14.20 per rentable square 
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meter. Utilities averaged $19.58 per rentable square meter. As expected, electricity is the 
primary cost component, representing $17.01 per rentable square meter ($1.58 per 
rentable square foot). 

Table ES-3. Selected Baseline Measures for Commercial Office Buildings: Annual 
Expenditures for 1995 



Baseline Measure 


Dollars per Rentable Square 


Foot 


Meter 


Administrative 


1.03 


11.08 


Cleaning 


1.09 


. 11.73 


Roads/Grounds/Security 


0.51 


5.49 


Maintenance and Repair 


1.32 


14.20 


Utilities (including water) 


1.82 


19.58 



Chapter 7 describes the industrial sector and traces the development of the baseline 
measures for the industrial sector. The industrial sector comprises all manufacturing 
industries with SIC Codes between 20 and 39 inclusive. The baseline measures for the 
industrial sector are based on data published by the US Bureau of the Census and EIA. 
Data published by the International Facilities Management Association for a select set of 
SIC Codes are also described. The chapter also includes information about energy 
conservation in the industrial sector (e.g., fuel switching capability within the industrial 
sector and the level of participation in energy management programs). 

The Census carries out a number of surveys of the industrial sector, most notably the 
Census of Manufactures. The 1992 Census of Manufactures provides a large amount of 
data relevant to value of shipments, value added by manufacturer, payroll costs, and 
materials costs. Most of these items are predominantly process-oriented, and are therefore 
considered to be beyond the scope of this document. The focus of this document is on 
non-process costs associated with industrial facilities (i.e., facility management 
components, such as building maintenance and repair, facility HVAC, and lighting costs). 
Due to the heavy emphasis on process-related activities, the baseline measures for 
operations costs and maintenance and repair costs for this sector are highly aggregated. 
Baseline measures are given on the cost for refuse removal, a key component of 
operations costs, and for the repair of buildings and structures, a key component of 
maintenance and repair costs. These baselines are presented for the industrial sector in its 
entirety and for each major two-digit SIC Code within the industrial sector. The 
aggregate cost of refuse removal was $4.4 billion in 1992. The aggregate cost for repair 
of buildings and structures was $5.4 billion in 1992. 

Energy baselines for the industrial sector are based on the Manufacturing Energy 
Consumption Survey (MECS). The MECS includes a wealth of information on both 
process and non-process related energy consumption. The total primary consumption of 
energy for all purposes in the US industrial sector in 1991 was 21.4 quadrillion kilojoules 
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(20.3 quadrillion Btu), the vast majority of which was process related. When all energy 
sources are considered, direct non-process uses accounted for only 12 percent of total 
energy consumption. The largest non-process end-uses of net electricity and natural gas 
were facility HVAC, facility lighting, and facility support. Facility HVAC inputs 
accounted for about 3 percent of all energy inputs, facility lighting accounted for about 1 
percent, and facility support accounted for less than one half of 1 percent. Thus non- 
process facility costs are generally veiy small compared with process costs. 

Chapter 8 describes the public works sector and traces the development of the baseline 
measures for the public works sector. The public works sector is the most diverse of the 
four industry sectors. For this reason, it has been divided into a number of sub-sectors. 
These are Transportation (which includes five transportation modes: road, rail, transit, 
water, and air), Power Utilities (which includes the generation and distribution of 
electricity, gas, and steam), Water (which includes the storage, supply, and treatment of 
water, plus flood and storm water control), and Pipelines (which includes pipelines for the 
transport of petroleum and other commodities except natural gas). The baseline measures 
for the public works sector are summarized in Table 8-32 in Section 8.3. Brief 
descriptions of each sub-sector are given in the text that follows. 

Transportation plays a pivotal role in the US economy. The Bureau of Transportation 
Statistics estimates that transportation service in 1 993 accounted for about 1 1 percent of 
Gross Domestic Product. Governments invest heavily in transportation infrastructure and 
equipment. 

The most widely used form of transportation in the US is the highway. In 1993, all levels 
of government— federal, state, and local— invested heavily in highways. State government 
put 92 percent of their transportation funds into highways, local governments 47 percent, 
and the federal government 32 percent. Almost 90 percent of public investment in 
highways for 1993 was for construction. The highway network comprises 6.28 million 
kilometers (3.9 million miles) of public roads, which are operated primarily by state and 
local governments. The total size of the US highway system has been relatively stable for 
many years. The public road network is classified according to the traffic functions the 
roads are intended to serve. The functional types identified in this document are 
Interstates, freeways and expressways, arterials, collectors, and local roads. 

Table ES-4 shows how state maintenance outlays in 1994 vary by functional system in 
urban and rural areas. The table also includes, for a select subset of these data, baseline 
measures normalized on a per-lane kilometer (mile) basis. These baseline measures 
facilitate comparison of maintenance costs by type of road and geographic location. Table 
ES-4 shows that the baseline values of annual maintenance costs per-lane kilometer for all 
state-administered highways are about $1900 ($1894 per-lane kilometer). The baseline 
values of annual maintenance costs for rural highways are under half those of urban 
maintenance costs. However, urban and rural Interstate costs are significantly higher than 
the average for all highways, with annual urban costs of about $5,200 per-lane kilometer 
and annual rural Interstate costs of about $3,850 per-lane kilometer. 
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Table ES-4. Baseline Measures for State Highway Maintenance Expenditures: 1994 



Functional 

System 


Total 

Maintenance 

Cost 

(Thousands of 
Dollars) 


Estimated 
Maintenance 
Cost per Mile 
(Dollars) 


Estimated 
Maintenance 
Cost per Lane 
Mile (Dollars) 


Estimated 
Maintenance 
Cost per 
Kilometer 
(Dollars) 


Estimated 
Maintenance 
Cost per Lane 
Kilometer 
(Dollars) 


Urban 
Interstates/ 
Freeways and 
Expressways 


926,293 


42,769 


8,344 


26,581 


5,186 


Urban Arterial 


931,289 


15,287 


- 


9,501 


- 


Urban 

Collector 


80,743 


7,768 


- 


4,828 


" 


All Urban 
Highways 


1,938,325 


17,619 


5,595 


10,950 


3,477 


Rural 

Interstate 


816,351 


25,152 


6,218 


15,632 


3,865 


Rural Arterial 


1,593,794 


6,995 




4,347 


- 


Rural 

Collector 


1,122,314 


4,200 


" 


2,610 


- 


All Rural 
Highways 


3,532,459 


5,116 


2,439 


3,180 


1,516 


All Highways 


5,470,784 


6,835 


3,048 


4,248 


1,894 



The power utilities sub-sector provides baseline measures for power generation, including 
the distribution of natural gas. General information about the size of the sub-sector, in 
terms of number of operating establishments and kilometers (miles) of pipeline operated, 
provides the context within which the baselines are developed. The baselines cover water 
use by the sub-sector, capital expenditures for construction, and expenditures for 
maintenance and repair by SIC Code. 

The water sub-sector provides baseline measures for water supply, treatment, and flood 
control. The baselines cover capital expenditures for new construction and expenditures 
for maintenance and repair by SIC Code. 

The pipelines sub-sector provides baseline measures for petroleum and other pipelines in 
the US, excluding natural gas pipelines. General information about the size of the sub- 
sector, in terms of number of operating establishments and kilometers (miles) of pipeline 
operated, provides the context within which the baselines are developed. The baselines 
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cover capital expenditures for new construction and expenditures for maintenance and 
repair by SIC Code. 

Chapter 9 discusses additional areas of research that might be of value to government 
agencies and private bodies who are concerned about reducing OM&E costs. These areas 
of research are concerned with: (1) accounting for the discrepancies between data which 
quantify annual construction outputs for new construction, additions and alterations, and 
maintenance and repair; (2) additional data collection; and (3) evaluations of progress 
toward achievement of National Construction Goal 2. 
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1. Introduction 



1.1 Background 

Data describing current practices of the US construction industry are needed to establish 
baselines against which industry can measure its progress towards achieving the seven 
National Construction Goals. The seven National Construction Goals are concerned with: 
(1) reductions in the delivery time of constructed facilities; (2) reductions in operations, 
maintenance, and energy costs; (3) increases in occupant productivity and comfort; (4) 
reductions in occupant-related illnesses and injuries; (5) reductions in waste and pollution; 
(6) increases in the durability and flexibility of constructed facilities; and (7) reductions in 
construction worker illnesses and injuries. 

Although information having relevance to the seven goals is available, for the most part, 
this information has such a narrow focus that a consistent set of baseline measures and 
associated measures of progress can not be produced without first conducting a significant 
research effort. Specifically, information from a wide variety of data sets needs to be 
collected, reviewed, analyzed, and critiqued to ensure that the baseline measures and 
measures of progress which result are: 

(1) adequate (i.e., they not only capture the complexities of the US construction 
industry but also represent a consensus among experts in the field); and 

(2) suitable for dissemination to the public. 

It is essential to have baseline data and associated measures of progress to determine the 
success of actions taken to improve the competitiveness of the US construction industry. 
In addition, baselines and measures of progress will make it possible to demonstrate the 
benefits of advanced technologies and practices, and to guide decision makers in 
prioritizing potential programs. 

The goal of this project is to develop a suite of products which support the measurement 
and attainment of the National Construction Goals by the four key construction industry 
sectors. The four industry sectors are: (1) residential; (2) commercial/institutional; (3) 
industrial; and (4) public works. Three basic sets of products are envisioned: 

(1) Baseline Measures : Develop baseline measures which characterize current 

industry performance with respect to each of the seven goals. The averages of 
current practice (defined in this document as industry performance in 1994) will 
become the baselines for measuring progress towards achieving each of the goals. 

(2) Measures of Progress : Develop methods for measuring progress. These “results” 
measures are envisioned as a composite of performance measures offering a means 
not only for monitoring actual performance but also for marshaling support for 
improving results. 
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(3) Periodic Reports'. Provide information on each of the seven goals. This 
information will be made available to interested parties both through publications 
and, ultimately, electronically via the World Wide Web. Potential outlets for the 
baselines and measures of progress include the Construction and Building 
Subcommittee member organizations and the four sector council member 
organizations. 1 

1.2 Purpose 

The purpose of this document is twofold. First and foremost, this document provides a 
detailed set of baseline measures for National Construction Goal 2 (reductions in 
operations, maintenance, and energy costs). As such, it describes data sources, data 
classifications and hierarchies, and the metrics used to develop the baseline measures. 
Extensive use of charts and tables is made throughout this document to illustrate the 
process by which the baseline measures were developed. This document is the first in a 
series of studies prepared by NIST's Building and Fire Research Laboratory (BFRL). A 
subsequent companion document 2 focuses on National Construction Goal 1, reductions in 
delivery time. 

The second purpose of this document is to outline BFRL’s strategy for collecting 
information on each National Construction Goal, for gaining consensus on what 
information should be included in the baseline measures and measures of progress, and for 
disseminating information to interested parties. Specifically, a two-phase, four-step 
process for developing and disseminating the baseline measures and measures of progress 
is described. 

1.3 Scope and Approach 

This document has eight chapters and seven appendices in addition to the Introduction. 
Chapter 2 introduces the National Construction Goals, describes how a well-defined set of 
metrics is used to develop the baseline measures and measures of progress, and outlines 
the project approach. Chapter 3 provides an overview of the construction industry. The 
overview provides the context within which the baseline measures are developed. Chapter 
4 presents two data classification schemes; one which is idealized and one which is data 
driven. These data classification schemes are used to construct data hierarchies from 
which key metrics are derived and used to develop the baseline measures. Chapters 5 
through 8 present the baseline measures for each of the four key construction industry 
sectors. Chapter 9 concludes the document with a summary and suggestions for further 
research. 



1 The four sector council member organizations are: (1) National Association of Home Builders Research 
Center (Residential); (2) National Institute of Building Sciences (Commercial/Institutional); (3) 
Construction Industry Institute (Industrial); and (4) American Public Works Association (Public Works). 

2 Chapman, Robert E., and Roderick Rennison. 1998. An Approach for Measuring Reductions in Delivery 
Time: Baaseline Measures of Construction Industry Practices for the National Construction Goals. 
NISTIR 6189, Gaithersburg, MD: National Institute of Standards and Technology. 
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The individual data hierarchies for each construction industry sector are presented in 
Appendices A through D. Each sector occupies an appendix: Appendix A covers the 
residential sector; Appendix B covers the commercial/institutional sector; Appendix C 
covers the industrial sector; and Appendix D covers the public works sector. Three 
additional appendices are also included as an aid to cross referencing terms, statistical 
information, and other material contained in this document. Appendix E lists the 
assignments of each state to one of the four census regions: (1) Northeast; (2) Midwest; 
(3) South; or (4) West. Appendix F lists the two-digit Standard Industrial Classification 
(SIC) Codes. SIC Codes are used extensively throughout Chapter 8 which covers the 
industrial sector. Appendix G provides a list of acronyms and their definitions. 
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2. The National Construction Goals: A Tool for Promoting 
Competitiveness Within the Construction Industry 



2.1 Description of the National Construction Goals 

The Construction and Building (C&B) Subcommittee has studied research priorities 
expressed by the construction industry. These priorities translate into the following seven 
National Construction Goals: 

1 . 50% Reduction in Delivery Time 

2. 50% Reduction in Operation, Maintenance, and Energy Costs 

3. 30% Increase in Productivity and Comfort 

4. 50% Fewer Occupant-Related Illnesses and Injuries 

5. 50% Less Waste and Pollution 

6. 50% More Durability and Flexibility 

7. 50% Reduction in Construction Worker Illnesses and Injuries 

To make the National Construction Goals operational, they are based on the values of a 
well-defined set of baseline measures. As noted in the Introduction, the values of the 
baseline measures for each goal are averages of industry performance in 1994. The year 
1994 was established as the basis for computing the values of the baseline measures 
because it was the year when the National Construction Goals were first formulated. 3 

Two priority thrusts, better constructed facilities, and improved health and safety of the 
construction work force, were defined as the focus of C&B-related research, 
development, and deployment (RD&D) activities. The objective of the C&B-related 
RD&D activities is to make technologies and practices capable of achieving the goals 
under the two priority thrusts available for general use in the construction industry by 
2003. 

Achievement of the National Construction Goals will: (1) reduce the first costs and life- 
cycle costs of constructed facilities in the four key construction industry sectors (i.e., 
residential, commercial/institutional, industrial, and public works); (2) result in better 
constructed facilities; and (3) result in improved health and safety for both construction 
workers and occupants of constructed facilities. Achievement of the goals will convey 
benefits to each of the four construction industry sectors (e.g., housing will become more 
affordable through reductions in first costs and life-cycle costs). However, depending on 
the goal and the construction industry sector, the beneficial impacts are expected to vary. 
To gain a better appreciation of the importance of the National Construction Goals, both 
individually, and taken together, and of their relationship to the four key construction 



3 Wright, Richard N., Arthur H. Rosenfeld, and Andrew J. Fowell. 1994. Rationale and Preliminary 
Plan for Federal Research for Construction and Building. N1ST1R 5536. Washington, DC: National 
Science and Technology Council. 
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